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1. 

ENABLNG HALF-DUPLEX OPERATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority to U.S. Provisional Appli 
cation Ser. Nos. 61/508,879 and 61/511,815, filed on Jul.18, 
2011 and Jul. 26, 2011, respectively, which are expressly 
incorporated by reference herein in their entirety. 

BACKGROUND 

I. Field 
Certain aspects of the present disclosure generally relate to 

wireless communications and, more particularly, to tech 
niques for enabling coexistence, in a given frequency band, of 
half-duplex (HD) and full-duplex (FD) terminals. 

II. Background 
Wireless communication systems are widely deployed to 

provide various types of communication content such as 
Voice, data, and so on. These systems may be multiple-access 
systems capable of Supporting communication with multiple 
users by sharing the available system resources (e.g., band 
width and transmit power). Examples of such multiple-access 
systems include code division multiple access (CDMA) sys 
tems, time division multiple access (TDMA) systems, fre 
quency division multiple access (FDMA) systems, 3rd Gen 
eration Partnership Project (3GPP) Long Term Evolution 
(LTE)/LTE-Advanced systems and orthogonal frequency 
division multiple access (OFDMA) systems. 

Generally, a wireless multiple-access communication sys 
tem can simultaneously support communication for multiple 
wireless terminals. Each terminal communicates with one or 
more base stations via transmissions on the forward and 
reverse links. The forward link (or downlink) refers to the 
communication link from the base stations to the terminals, 
and the reverse link (or uplink) refers to the communication 
link from the terminals to the base stations. This communi 
cation link may be established via a single-input single-out 
put, multiple-input single-output or a multiple-input mul 
tiple-output (MIMO) system. 

SUMMARY 

Certain aspects of the present disclosure provide a method 
for enabling coexistence of half-duplex (HD) operations and 
full-duplex (FD) operations in a same carrier. The method 
generally includes assigning a first frequency band for HD 
operations, and assigning a second frequency band for FD 
operations, wherein the first frequency band for HD opera 
tions overlaps the second frequency band for FD operations. 

Certain aspects of the present disclosure provide an appa 
ratus for enabling coexistence of HD operations and FD 
operations in a same carrier. The apparatus generally includes 
means for assigning a first frequency band for HD operations 
and means for assigning a second frequency band for FD 
operations, wherein the first frequency band for HD opera 
tions overlaps the second frequency band for FD operations. 

Certain aspects of the present disclosure provide an appa 
ratus for enabling coexistence of HD operations and FD 
operations in a same carrier. The apparatus generally includes 
at least one processor and a memory coupled to the at least 
one processor. The at least one processor is generally config 
ured to assign a first frequency band for HD operations and 
assign a second frequency band for FD operations, wherein 
the first frequency band for HD operations overlaps the sec 
ond frequency band for FD operations. 
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2 
Certain aspects of the present disclosure provide a com 

puter-program product for enabling coexistence of HD opera 
tions and FD operations in a same carrier. The computer 
program product generally includes a computer-readable 
medium having code for assigning a first frequency band for 
HD operations and assigning a second frequency band for FD 
operations, wherein the first frequency band for HD opera 
tions overlaps the second frequency band for FD operations. 

Certain aspects of the present disclosure provide a method 
for enabling coexistence of HD operations and FD operations 
in a same carrier. The method generally includes receiving an 
indication of a first frequency band for HD operations and a 
second frequency band for FD operations, wherein the first 
frequency band overlaps the second frequency band, and 
determining whether to operate in the first or second fre 
quency band based on a user equipment (UE) type. 

Certain aspects of the present disclosure provide an appa 
ratus for enabling coexistence of HD operations and FD 
operations in a same carrier. The apparatus generally includes 
means for receiving an indication of a first frequency band for 
HD operations and a second frequency band for FD opera 
tions, wherein the first frequency band overlaps the second 
frequency band and means for determining whether to oper 
ate in the first or second frequency band based on a UE type. 

Certain aspects of the present disclosure provide an appa 
ratus for enabling coexistence of HD operations and FD 
operations in a same carrier. The apparatus generally includes 
at least one processor and a memory coupled to the at least 
one processor. The at least one processor is generally config 
ured to receive an indication of a first frequency band for HD 
operations and a second frequency band for FD operations, 
wherein the first frequency band overlaps the second fre 
quency band and determine whether to operate in the first or 
second frequency band based on a UE type. 

Certain aspects of the present disclosure provide a com 
puter-program product for enabling coexistence of HD opera 
tions and FD operations in a same carrier. The computer 
program product generally includes a computer-readable 
medium having code for receiving an indication of a first 
frequency band for HD operations and a second frequency 
band for FD operations, wherein the first frequency band 
overlaps the second frequency band and determining whether 
to operate in the first or second frequency band based on a UE 
type. 

Certain aspects of the present disclosure provide a method 
for wireless communications. The method generally includes 
determining an uplink transmission overlaps with a downlink 
transmission in a subframe, and controlling transmissions 
with one or more HD UEs such that only one of the uplink 
transmission or the downlink transmission is performed in the 
subframe with one or more of the UEs. 

Certain aspects of the present disclosure provide an appa 
ratus for wireless communications. The apparatus generally 
includes means for determining an uplink transmission over 
laps with a downlink transmission in a subframe and means 
for controlling transmissions with one or more HD UEs such 
that only one of the uplink transmission or the downlink 
transmission is performed in the subframe with one or more 
of the UES. 

Certain aspects of the present disclosure provide an appa 
ratus for wireless communications. The apparatus generally 
includes at least one processor and a memory coupled to the 
at least one processor. The at least one processor is generally 
configured to determine an uplink transmission overlaps with 
a downlink transmission in a subframe and control transmis 
sions with one or more HD UEs such that only one of the 
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uplink transmission or the downlink transmission is per 
formed in the subframe with one or more of the UEs. 

Certain aspects of the present disclosure provide a com 
puter-program product for wireless communications. The 
computer-program product generally includes a computer 
readable medium having code for determining an uplink 
transmission overlaps with a downlink transmission in a Sub 
frame and controlling transmissions with one or more half 
duplex HD UEs such that only one of the uplink transmission 
or the downlink transmission is performed in the subframe 
with one or more of the UEs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram conceptually illustrating an 
example of a wireless communication network, inaccordance 
with certain aspects of the present disclosure. 

FIG. 2 shows a block diagram conceptually illustrating an 
example of a base station in communication with a user 
equipment (UE) in a wireless communications network, in 
accordance with certain aspects of the present disclosure. 

FIG. 3 is a block diagram conceptually illustrating an 
example of a frame structure in a wireless communications 
network, in accordance with certain aspects of the present 
disclosure. 

FIG. 4 illustrates two exemplary subframe formats for the 
downlink, in accordance with certain aspects of the present 
disclosure. 

FIG. 5 illustrates an example decision tree for LTE half 
duplex (HD) operations that may be performed by a UE, 
according to certain aspects of the present disclosure. 

FIG. 6 illustrates an example system with an access point 
and an access terminal, capable of broadcasting a network 
indication of a capability for supporting FD and HD opera 
tions on a frequency band, in accordance with certain aspects 
of the present disclosure. 

FIG. 7 illustrates example operations for enabling coexist 
ence of HD operations and FD operations in a same carrier, in 
accordance with certain aspects of the present disclosure. 

FIG. 8 illustrates example operations, in accordance with 
certain aspects of the present disclosure. 

FIGS. 9A-B illustrate an example of enabling coexistence 
of HD operations and FD operations in a same carrier, in 
accordance with certain aspects of the present disclosure. 

FIG. 10 illustrates example operations for controlling 
transmissions with one or more HD UEs, in accordance with 
certain aspects of the present disclosure. 

FIGS. 11-12 illustrate the impact of DL assignments and 
UL grants in a HD operation, according to certain aspects of 
the present disclosure. 

DETAILED DESCRIPTION 

Half-duplex (HD) operations enable low cost implementa 
tions of LTE terminals. Traditionally, HD operations may be 
linked to a particular frequency band which may not allow a 
mix of full-duplex (FD) and HD terminals in the same fre 
quency band. Therefore, certain aspects of the present disclo 
Sure provide techniques for enabling coexistence, in a given 
frequency band, of HD and FD terminals, by introducing 
frequency bands designated for HD operation and overlap 
ping existing frequency bands designated for FD operation. 
The techniques described herein may be used for various 

wireless communication networks such as CDMA, TDMA, 
FDMA, OFDMA, SC-FDMA and other networks. The terms 
“network” and “system” are often used interchangeably. A 
CDMA network may implement a radio technology Such as 
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4 
universal terrestrial radio access (UTRA), cdma2000, etc. 
UTRA includes wideband CDMA (WCDMA), time division 
synchronous CDMA (TD-SCDMA), and other variants of 
CDMA. cdma2000 covers IS-2000, IS-95 and IS-856 stan 
dards. ATDMA network may implement a radio technology 
such as global system for mobile communications (GSM). An 
OFDMA network may implement a radio technology such as 
evolved UTRA (E-UTRA), ultra mobile broadband (UMB), 
IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, 
Flash-OFDMR, etc. UTRA and E-UTRA are part of univer 
sal mobile telecommunication system (UMTS). 3GPP Long 
Term Evolution (LTE) and LTE-Advanced (LTE-A), in both 
frequency division duplex (FDD) and time division duplex 
(TDD), are new releases of UMTS that use E-UTRA, which 
employs OFDMA on the downlink and SC-FDMA on the 
uplink. UTRA, E-UTRA, UMTS, LTE, LTE-A and GSM are 
described in documents from an organization named "3rd 
Generation Partnership Project” (3GPP). cdma2000 and 
UMB are described in documents from an organization 
named "3rd Generation Partnership Project 2 (3GPP2). The 
techniques described herein may be used for the wireless 
networks and radio technologies mentioned above as well as 
other wireless networks and radio technologies. For clarity, 
certain aspects of the techniques are described below for 
LTE/LTE-Advanced, and LTE/LTE-Advanced terminology 
is used in much of the description below. 

FIG. 1 shows a wireless communication network 100, 
which may be an LTE network or some other wireless net 
work. Wireless network 100 may include a number of evolved 
Node Bs (eNBs) 110 and other network entities. An eNB is an 
entity that communicates with user equipments (UES) and 
may also be referred to as a base station, a Node B, an access 
point, etc. Each eNB may provide communication coverage 
for a particular geographic area. In 3GPP, the term “cell' can 
refer to a coverage area of an eNB and/or an eNB subsystem 
serving this coverage area, depending on the context in which 
the term is used. 
An eNB may provide communication coverage for a macro 

cell, a pico cell, a femto cell, and/or other types of cell. A 
macro cell may cover a relatively large geographic area (e.g., 
several kilometers in radius) and may allow unrestricted 
access by UEs with service subscription. A pico cell may 
cover a relatively small geographic area and may allow unre 
stricted access by UEs with service subscription. A femto cell 
may cover a relatively small geographic area (e.g., a home) 
and may allow restricted access by UEs having association 
with the femto cell (e.g., UEs in a closed subscriber group 
(CSG)). An eNB for a macro cell may be referred to as a 
macro eNB. An eNB for a pico cell may be referred to as a 
pico eNB. An eNB for a femto cell may be referred to as a 
femto eNB or a home eNB (HeNB). In the example shown in 
FIG. 1, an eNB 110a may be a macro eNB for a macro cell 
102a, an eNB 110b may be a pico eNB for a pico cell 102b, 
and an eNB 110c may be a femto eNB for a femto cell 102c. 
An eNB may support one or multiple (e.g., three) cells. The 
terms “eNB”, “base station' and “cell” may be used inter 
changeably herein. 

Wireless network 100 may also include relay stations. A 
relay station is an entity that can receive a transmission of data 
from an upstream station (e.g., an eNB or a UE) and send a 
transmission of the data to a downstream station (e.g., a UE or 
an eNB). A relay station may also be a UE that can relay 
transmissions for other UEs. In the example shown in FIG. 1, 
a relay station 110d may communicate with macro eNB 110a 
and a UE 120d in order to facilitate communication between 
eNB 110a and UE 120d. A relay station may also be referred 
to as a relay eNB, a relay base station, a relay, etc. 
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Wireless network 100 may be a heterogeneous network 
that includes eNBs of different types, e.g., macro eNBs, pico 
eNBs, femto eNBs, relay eNBs, etc. These different types of 
eNBs may have different transmit power levels, different 
coverage areas, and different impact on interference in wire 
less network 100. For example, macro eNBs may have a high 
transmit power level (e.g., 5 to 40 Watts) whereas pico eNBs, 
femto eNBs, and relay eNBs may have lower transmit power 
levels (e.g., 0.1 to 2 Watts). 
A network controller 130 may couple to a set of eNBs and 

may provide coordination and control for these eNBs. Net 
work controller 130 may communicate with the eNBs via a 
backhaul. The eNBs may also communicate with one another, 
e.g., directly or indirectly via a wireless or wirelinebackhaul. 
UEs 120 (e.g., 120a, 120b, 120c) may be dispersed 

throughout wireless network 100, and each UE may be sta 
tionary or mobile. A UE may also be referred to as an access 
terminal, a terminal, a mobile station, a Subscriber unit, a 
station, etc. A UE may be a cellular phone, a personal digital 
assistant (PDA), a wireless modem, a wireless communica 
tion device, a handheld device, a laptop computer, a cordless 
phone, a wireless local loop (WLL) station, a tablet, a Smart 
phone, a netbook, a Smartbook, etc. 

FIG. 2 shows a block diagram of a design of base station/ 
eNB110 and UE 120, which may be one of the base stations/ 
eNBs and one of the UEs in FIG.1. Base station 110 may be 
equipped with T antennas 234a through 234t, and UE 120 
may be equipped with Rantennas 252a through 252r, where 
in general Tel and Re1. 

At base station 110, a transmit processor 220 may receive 
data from a data source 212 for one or more UEs, select one 
or more modulation and coding schemes (MCS) for each UE 
based on CQIs received from the UE, process (e.g., encode 
and modulate) the data for each UE based on the MCS(s) 
selected for the UE, and provide data symbols for all UEs. 
Transmit processor 220 may also process system information 
(e.g., for SRPI, etc.) and control information (e.g., COI 
requests, grants, upper layer signaling, etc.) and provide over 
head symbols and control symbols. Processor 220 may also 
generate reference symbols for reference signals (e.g., the 
CRS) and synchronization signals (e.g., the PSS and SSS). A 
transmit (TX) multiple-input multiple-output (MIMO) pro 
cessor 230 may perform spatial processing (e.g., precoding) 
on the data symbols, the control symbols, the overhead sym 
bols, and/or the reference symbols, if applicable, and may 
provide T output symbol streams to T modulators (MODs) 
232a through 232t. Each modulator 232 may process a 
respective output symbol stream (e.g., for OFDM, etc.) to 
obtain an output sample stream. Each modulator 232 may 
further process (e.g., convert to analog, amplify, filter, and 
upconvert) the output sample stream to obtain a downlink 
signal. T downlink signals from modulators 232a through 
232t may be transmitted via T antennas 234a through 234t, 
respectively. 

At UE 120, antennas 252a through 252r may receive the 
downlink signals from base station 110 and/or other base 
stations and may provide received signals to demodulators 
(DEMODs) 254a through 254r, respectively. Each demodu 
lator 254 may condition (e.g., filter, amplify, downconvert, 
and digitize) its received signal to obtain input samples. Each 
demodulator 254 may further process the input samples (e.g., 
for OFDM, etc.) to obtain received symbols. A MIMO detec 
tor 256 may obtain received symbols from all R demodulators 
254a through 254r, perform MIMO detection on the received 
symbols if applicable, and provide detected symbols. A 
receive processor 258 may process (e.g., demodulate and 
decode) the detected symbols, provide decoded data for UE 
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6 
120 to a data sink 260, and provide decoded control informa 
tion and system information to a controller/processor 280. A 
channel processor may determine RSRP, RSSI, RSRO, COI, 
etc. 

On the uplink, at UE 120, a transmit processor 264 may 
receive and process data from a data source 262 and control 
information (e.g., for reports comprising RSRP, RSSI, 
RSRO, COI, etc.) from controller/processor 280. Processor 
264 may also generate reference symbols for one or more 
reference signals. The symbols from transmit processor 264 
may be precoded by a TX MIMO processor 266 if applicable, 
further processed by modulators 254a through 254r (e.g., for 
SC-FDM, OFDM, etc.), and transmitted to base station 110. 
At base station 110, the uplink signals from UE 120 and other 
UEs may be received by antennas 234, processed by demodu 
lators 232, detected by a MIMO detector 236 if applicable, 
and further processed by a receive processor 238 to obtain 
decoded data and control information sent by UE 120. Pro 
cessor 238 may provide the decoded data to a data sink 239 
and the decoded control information to controller/processor 
240. Base station 110 may include communication unit 244 
and communicate to network controller 130 via communica 
tion unit 244. Network controller 130 may include commu 
nication unit 294, controller/processor 290, and memory 292. 

Controllers/processors 240 and 280 may direct the opera 
tion at base station 110 and UE 120, respectively. Processor 
240 and/or other processors and modules at base station 110. 
and/or processor 280 and/or other processors and modules at 
UE 120, may perform or direct processes for the techniques 
described herein. Memories 242 and 282 may store data and 
program codes for base station 110 and UE120, respectively. 
A scheduler 246 may schedule UEs for data transmission on 
the downlink and/or uplink. 
When transmitting data to the UE120, the base station 110 

may be configured to determine abundling size based at least 
in part on a data allocation size and precode data in bundled 
contiguous resource blocks of the determined bundling size, 
wherein resource blocks in each bundle may be precoded with 
a common precoding matrix. That is, reference signals such 
as UE-RS and/or data in the resource blocks may be precoded 
using the same precoder. The power level used for the UE-RS 
in each RB of the bundled RBs may also be the same. 
The UE 120 may be configured to perform complementary 

processing to decode data transmitted from the base station 
110. For example, the UE 120 may be configured to deter 
mine a bundling size based on a data allocation size of 
received data transmitted from a base station in bundles of 
contiguous resource blocks (RBs), wherein at least one ref 
erence signal in resource blocks in each bundle are precoded 
with a common precoding matrix, estimate at least one pre 
coded channel based on the determined bundling size and one 
or more reference signals (RSs) transmitted from the base 
station, and decode the received bundles using the estimated 
precoded channel. 

FIG.3 shows an exemplary frame structure 300 for FDD in 
LTE. The transmission timeline for each of the downlink and 
uplink may be partitioned into units of radio frames. Each 
radio frame may have a predetermined duration (e.g., 10 
milliseconds (ms)) and may be partitioned into 10 subframes 
with indices of 0 through 9. Each subframe may include two 
slots. Each radio frame may thus include 20 slots with indices 
of 0 through 19. Each slot may include L symbol periods, e.g., 
seven symbol periods for a normal cyclic prefix (as shown in 
FIG. 2) or six symbol periods for an extended cyclic prefix. 
The 2L symbol periods in each Subframe may be assigned 
indices of 0 through 2L-1. 
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In LTE, an eNB may transmit a primary synchronization 
signal (PSS) and a secondary synchronization signal (SSS) on 
the downlink in the center 1.08 MHz of the system bandwidth 
for each cell supported by the eNB. The PSS and SSS may be 
transmitted in symbol periods 6 and 5, respectively, in sub 
frames 0 and 5 of each radio frame with the normal cyclic 
prefix, as shown in FIG. 3. The PSS and SSS may be used by 
UEs for cell search and acquisition. The eNB may transmit a 
cell-specific reference signal (CRS) across the system band 
width for each cell supported by the eNB. The CRS may be 
transmitted in certain symbol periods of each subframe and 
may be used by the UEs to perform channel estimation, 
channel quality measurement, and/or other functions. The 
eNB may also transmit a physical broadcast channel (PBCH) 
in symbol periods 0 to 3 in slot 1 of certain radio frames. The 
PBCH may carry some system information. The eNB may 
transmit other system information Such as system informa 
tion blocks (SIBs) on a physical downlink shared channel 
(PDSCH) in certain subframes. The eNB may transmit con 
trol information/data on a physical downlink control channel 
(PDCCH) in the first B symbol periods of a subframe, where 
B may be configurable for each subframe. The eNB may 
transmit traffic data and/or other data on the PDSCH in the 
remaining symbol periods of each Subframe. 

FIG. 4 shows two exemplary subframe formats 410 and 
420 for the downlink with the normal cyclic prefix. The 
available time frequency resources for the downlink may be 
partitioned into resource blocks. Each resource block may 
cover 12 Subcarriers in one slot and may include a number of 
resource elements. Each resource element may cover one 
Subcarrier in one symbol period and may be used to send one 
modulation symbol, which may be a real or complex value. 

Subframe format 410 may be used for an eNB equipped 
with two antennas. A CRS may be transmitted from antennas 
0 and 1 in symbol periods 0, 4, 7 and 11. A reference signal is 
a signal that is known a priori by a transmitter and a receiver 
and may also be referred to as pilot. A CRS is a reference 
signal that is specific for a cell, e.g., generated based on a cell 
identity (ID). In FIG. 4, for a given resource element with 
label R., a modulation symbol may be transmitted on that 
resource element from antennaa, and no modulation symbols 
may be transmitted on that resource element from other 
antennas. Subframe format 420 may be used for an eNB 
equipped with four antennas. A CRS may be transmitted from 
antennas 0 and 1 in symbol periods 0, 4, 7 and 11 and from 
antennas 2 and 3 in symbol periods 1 and 8. For both subframe 
formats 410 and 420, a CRS may be transmitted on evenly 
spaced subcarriers, which may be determined based on cell 
ID. Different eNBs may transmit their CRSs on the same or 
different subcarriers, depending on their cell IDs. For both 
subframe formats 410 and 420, resource elements not used 
for the CRS may be used to transmit data (e.g., traffic data, 
control data, and/or other data). 
The PSS, SSS, CRS and PBCH in LTE are described in 

3GPP TS 36.211, entitled “Evolved Universal Terrestrial 
Radio Access (E-UTRA); Physical Channels and Modula 
tion.” which is publicly available. 
An interlace structure may be used for each of the downlink 

and uplink for FDD in LTE. For example, Q interlaces with 
indices of 0 through Q-1 may be defined, where Q may be 
equal to 4, 6, 8, 10, or some other value. Each interlace may 
include Subframes that are spaced apart by Q frames. In 
particular, interlace q may include subframes q, q+Q. q+2O. 
etc., where qe {0, . . . , Q-1}. 
The wireless network may support hybrid automatic 

retransmission request (HARO) for data transmission on the 
downlink and uplink. For HARQ, a transmitter (e.g., an eNB) 
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8 
may send one or more transmissions of a packet until the 
packet is decoded correctly by a receiver (e.g., a UE) or some 
other termination condition is encountered. For synchronous 
HARO, all transmissions of the packet may be sent in sub 
frames of a single interlace. For asynchronous HARO, each 
transmission of the packet may be sent in any subframe. 
A UE may be located within the coverage of multiple 

eNBs. One of these eNBs may be selected to serve the UE. 
The serving eNB may be selected based on various criteria 
Such as received signal strength, received signal quality, path 
loss, etc. Received signal quality may be quantified by a 
signal-to-noise-and-interference ratio (SINR), or a reference 
signal received quality (RSRO), or some other metric. The 
UE may operate in a dominant interference scenario in which 
the UE may observe high interference from one or more 
interfering eNBs. 
LTE Rel-8 supports a frame structure for frequency divi 

sion duplex (FDD) (e.g., FIG. 3) and a frame structure for 
time division duplex (TDD). The frame structure for FDD 
may provide support for full-duplex (FD) and half-duplex 
(HD) operation modes. While for FD operations there may be 
no restrictions about when a user equipment (UE) may trans 
mit or receive, for HD operations, the UE may only transmit 
or receive at a given point in time. HD operations were intro 
duced in Rel-8 of LTE to enable low cost implementations of 
LTE terminals comparable to those of GSM(e.g., an FDDHD 
system). The primary cost savings from HD operations may 
stem from the absence of a duplexer. Even though HD opera 
tions provide cost-savings at the terminal side, the infrastruc 
ture needs to Support the operation mode. 

For HDFDD operations, a guard period may be created by 
the UE by not receiving the last part of a downlink subframe 
immediately preceding an uplink Subframe from the same UE 
(e.g., non-Zero transition time). For HD operations, the UL 
transmission timing may be aligned by not receiving the last 
part of the downlink subframe. For some embodiments, an 
eNB may use this knowledge to adjust the DL transmission 
rate whenever the eNB Schedules the HD UE for the UL 
immediately following a DL transmission. 

Traditionally, HD operations may be linked to a particular 
frequency band which may not make possible the mix of FD 
and HD terminals in the same frequency band. Therefore, HD 
operation may only be supported in frequency bands entirely 
dedicated to this operation type. In other words, one cell may 
only support transmission on one band. Therefore, there may 
be no perceived need for the network indication of the HD 
Support as it is linked to the frequency band. 

FIG. 5 illustrates an example decision tree for LTE HD 
operations that may be performed by a UE, according to 
certain aspects of the present disclosure. The HD operations 
in LTE may be regarded as mainly an implementation issue 
not requiring air-interface specifications. At 502, at the begin 
ning of every subframe (assuming a Zero transition time from 
transmit to receive or vice versa), the UE may determine 
whether or not it has to transmit any channel or signal in the 
subframe. With a non-zero transition time, this determination 
may be made before the end of the previous subframe. At 504, 
if the UE determines it has to transmit something, the UE may 
use this subframe for transmission purposes, and an eNB may 
not transmit to the UE. Otherwise, at 506, the UE may use this 
subframe for reception (i.e., the eNB may transmit to the UE). 
As illustrated in FIG. 5, the UE may prioritize its transmis 
sions before any reception. LTE HD operation may require 
the UE and the eNB to continuously check the need or expec 
tation for the UE to transmit, to determine whether the UE 
will be able to receive in a given subframe. Since there is not 
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a fixed structure in the time-domain waveform for HD opera 
tion Support, LTE may support concurrent Support of FD and 
HD devices. 
The eNB (e.g., scheduler) may know when the UE has to 

transmit something in a given subframe and, therefore, the 
eNB may be expected to use this information to determine 
when to schedule UE transmissions and receptions. Since the 
UE transmissions may not be affected by the HD operation, 
there may be no need to specify any special UE behavior from 
the UE transmitter standpoint (e.g., regular UL operation). 
For the DL, however, not all the subframes may be available 
for the UE to receive or for the eNB to transmit to the given 
UE. However, the eNB behavior may not need to be specified. 

For some embodiments, for concurrent operation of FD 
and HD in the same frequency band, a new frequency band 
(e.g., new band number) may be created for HD operations, 
overlapping an existing frequency band for FD operations, 
with corresponding signaling of the two bands from the net 
work. For certain aspects, the new frequency band for HD 
operations may completely overlap the existing frequency 
band for FD operations. In other words, aparticular frequency 
band may be overloaded with an FD designation and a HD 
designation. For certain aspects, the new frequency band for 
HD operations may have a narrower bandwidth than the exist 
ing frequency band for FD operations, and the two bands may 
overlap for the narrower bandwidth. Therefore, FD UEs may 
effectively operate in the FDD FD band and HD UEs may 
effectively operate in the FDD HD band. For certain aspects, 
the eNB may include two band numbers in overhead mes 
sages, allowing for simultaneous operation of FD and HD 
UEs. For some embodiments, an indication of HD support 
may be added to the network signaling. 

FIG. 6 illustrates an example system 600 with an access 
point 610 and an access terminal 620 (e.g., HD UE), capable 
of broadcasting a network indication of a capability for Sup 
porting FD and HD operations on a frequency band, in accor 
dance with certain aspects of the present disclosure. As illus 
trated, the access point 610 may include a message generation 
module 614 for generating an overhead message for indicat 
ing a band number for HD operations and a band number for 
FD operations. The overhead message may be transmitted in 
a downlink subframe, via a transmitter module 612, to the HD 
UE 62O. 
The HD UE 620 may receive the overhead message via a 

receiver module 626 and determine the frequency band for 
HD operations via a message processing module 624. After 
receiving and processing the overhead message, the HD UE 
620 may construct and transmit an acknowledgment accord 
ing to the HD band number, via a transmitter module 622, to 
the access point 610 in an uplink subframe. The access point 
610 may receive the acknowledgment via a receiver module 
616. 

Without the network capability to convey to the UEs that a 
network does not support HD operation in a given band, a HD 
UE may be camping in a particular frequency band in LTE 
idle mode without any problem/restriction and without real 
izing that HD operation is not supported by the network. For 
example, a HD UE may roam to a place where a particular 
frequency band is not used in HD mode but in FD mode. In 
such a case, the network may realize the HD support for this 
band operation from the reported UE capability from the UE 
and may bar operation in that frequency band to that terminal. 
The HDUE may realize this mismatch only when trying to go 
to LTE connected mode. Therefore, according to certain 
aspects of the present disclosure, the network capability may 
be broadcasted. 
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FIG. 7 illustrates example operations 700 for enabling 

coexistence of HD operations and FD operations in a same 
carrier, in accordance with certain aspects of the present 
disclosure. The operations 700 may be performed, for 
example, by an eNB. At 702, the eNB may assign a first 
frequency band for HD operations. 
At 704, the eNB may assign a second frequency band for 

FD operations, wherein the first frequency band for HD 
operations overlaps the second frequency band for FD opera 
tions. For some embodiments, the frequency band for HD 
operations may have a first band number and the second 
frequency band for FD operations may have a second band 
number, wherein the first and second band numbers may be 
transmitted in an overhead message. The first and second 
band numbers may allow for simultaneous operation of FD 
UEs and HD UEs. For certain aspects, the eNB may receive, 
from a UE, an indication of whether the UE supports HD 
operations or FD operations and, based on the indication, the 
eNB may schedule the UE in the first or second band. 

For certain aspects, the first frequency band for HD opera 
tions may completely overlap the second frequency band for 
FD operations, such that assignment of the first and second 
frequency bands generally includes assigning a frequency 
band with the first band number and the second band number. 
For certain aspects, the first frequency band for HD opera 
tions may have a narrower bandwidth than the second fre 
quency band for FD operations. For some embodiments, the 
eNB may broadcast a network indication in the first frequency 
band, wherein the broadcast may indicate a capability for 
Supporting the HD operations on the frequency band. 

For certain aspects, the eNB may broadcast a network 
indication in the second frequency band for FD operations, 
wherein the broadcast indicates whether there is support for 
HD operations. If the broadcast indicates there is no support 
for HD operations, the eNB may deny access to a UE that only 
Supports HD operations. 

FIG. 8 illustrates example operations 800, in accordance 
with certain aspects of the present disclosure. The operations 
800 may be performed, for example, by a UE. At 802, the UE 
may receive an indication of a first frequency band for HD 
operations and a second frequency band for FD operations, 
wherein the first frequency band overlaps the second fre 
quency band. For certain aspects, the UE may receive a first 
band number corresponding to the first frequency band and a 
second band number corresponding to the second frequency 
band, wherein the first and second band numbers may be 
received in an overhead message. 
At 804, the UE may determine whether to operate in the 

first or second frequency band based on a UE type (e.g., 
whether the UE is a FDUE or a HD UE). Therefore, the first 
and second band numbers may allow for simultaneous opera 
tion of FD UEs and HD UEs. For certain aspects, the UE may 
receive a network indication (e.g., in the second frequency 
band for FD operations) indicating whether there is network 
support for HD operations. In other words, if an HD UE does 
not receive such a network indication, the HD UE may per 
form network acquisition operations with another base sta 
tion that does Support HD operations. 

FIGS. 9A-B illustrate an example of enabling coexistence 
of HD operations and FD operations in a same carrier, in 
accordance with certain aspects of the present disclosure. 
FIG. 9A illustrates a frequency band 902 for FD operations 
with a first band number. FIG.9B illustrates a frequency band 
904 created for HD operations, overlapping the existing fre 
quency band 902 for FD operations. For certain aspects, the 
frequency band 904 for HD operations may completely over 
lap or have a narrower bandwidth than the frequency band 
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902 for FD operations, as described. The frequency band 904 
for HD operations may have a second band number, as illus 
trated. As described above, the first and second band numbers 
may be transmitted in an overhead message, which may allow 
for simultaneous operation of FD UEs and HD UEs. 

For a UE that is in LTE idle state, the UE is, by definition, 
only receiving information from the network, e.g., system 
information and pages. Since there may be no UE transmis 
sions, the HD UE may not have any limitations and may 
receive network transmissions in every subframe without 
restrictions. 

However, for a UE that is in LTE connected state, whether 
the UE receives a page or triggers an access on itself, it may 
start with a random access procedure. For example, the UE 
may transmit a physical random access channel (PRACH) on 
a designated subframe (e.g., message 1 transmission from the 
UE). After sending message 1, the UE may not have to trans 
mit anything until it receives message 2 from the network 
(e.g., message 2 reception at the UE). Therefore, there may be 
no restrictions in receiving message 2. Once message 2 is 
received at the UE, the UE may need to decode the message 
to determine the resources for message 3. From the reception 
of message 2 to the transmission of message 3 (e.g., message 
3 transmission from the UE), the UE may not be expected to 
receive anything nor may need to transmit anything. After 
sending message 3, the UE may not have to transmit anything 
until it receives message 4 from the network (e.g., message 4 
reception at the UE). Therefore, there may be no restrictions 
in receiving message 4 either. Once message 4 is received at 
the UE, the UE may need to decode the message to determine 
the allocated data resources. The network may configure 
channel quality indicator (COI) reports, scheduling request 
(SR) resources, and Sounding reference signal (SRS) trans 
missions for the UE. 

For certain aspects, system information changes (e.g., Sig 
naled by way of P-RNTI (paging-radio network temporary 
identifier)) may occur when the network has knowledge that 
HD terminals are not transmitting and, therefore, are listen 
ing. However, the system information may change while the 
UE is transmitting a message (e.g., message 1 or 3). For some 
embodiments, in order to minimize missing the system infor 
mation changes, the network may page multiple times. For 
example, the paging subframes may be subframe 9 only, 
subframes 4 and 9, or subframes 0, 4, 5, and 9. For some 
embodiments, dedicated signaling for HD UEs may be used 
(e.g., HD-RNTI), to address all or a group of HD UEs for 
signaling of, e.g., a change of System information. 

While in the LTE connected state, examples of channels 
and signals that may be transmitted include, but are not lim 
ited to, a physical uplink shared channel (PUSCH), a physical 
uplink control channel scheduling request (PUCCH-SR), 
PUCCH-ACK, PUCCH-COI, SRS, a periodic CQI and ape 
riodic SRS, and PRACH for downlink data arrival/resynchro 
nization between the eNB and the UE (e.g., connected mode 
RACH). PUSCH may be the result of an UL grant four sub 
frames before, an unscheduled re-transmission (e.g., non 
positive physical hybrid ARQ indicator channel (PHICH) 
four subframes before), or a semi-persistent scheduling (SPS) 
configuration. PUCCH-SR, PUCCH-COI, and SRS may be 
the result of a higher layer configuration by the network. 
PUCCH-ACK may be the result of DL transmissions four 
subframes before. Given that a SRS may be transmitted in the 
last SC-FDMA symbol of the subframe, the UE may choose 
to try to decode the DL subframe if nothing else is to be 
transmitted in that subframe (e.g., the eNB may determine the 
allocation/MCS to accommodate the loss of the last symbol 
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and the guard time necessary to Switch from reception to 
transmission). A periodic COI and aperiodic SRS may be 
configured by the network. 

While in the LTE connected state, examples of channels 
that may be relevant for reception generally include a PHICH 
(e.g., if there was a PUSCH transmission four subframes 
before), a physical control format indicator channel (PC 
FICH), a physical downlink control channel (PDCCH), and a 
physical downlink shared channel (PDSCH). 

For some embodiments, the system information may 
change and UES may be informed by paging. Since there are 
specific Subframes for paging, these subframes may be avail 
able for the UE to listen. However, given that the paging 
subframes may have a periodicity of 10 ms and HARQ opera 
tion may have a periodicity of 8 ms, there may be subframes 
where HD UEs may not be able to receive pages or may not be 
able to transmit. Therefore, UE behavior may need to be 
defined to prioritize transmissions or receptions, as will be 
discussed further herein. 

FIG.10 illustrates example operations 1000 for controlling 
transmissions with one or more HD UEs, in accordance with 
certain aspects of the present disclosure. The operations 1000 
may be performed, for example, by an eNB. At 1002, the eNB 
may determine that an uplink transmission overlaps with a 
downlink transmission in a subframe. As examples, the 
downlink transmission generally includes a paging message 
indicating a system information change, and the uplink trans 
mission generally includes an uplink hybrid automatic 
retransmission request (HARO) operation. For certain 
aspects, determination of the overlap generally includes com 
paring CQI report differences in CSI reporting subsets from 
the one or more HD UEs, and determining incompatible 
downlink/uplink allocations between the one or more HD 
UES. 
At 1004, the eNB may control transmissions with the one 

or more HD UEs such that only one of the uplink transmission 
or the downlink transmission is performed in the subframe 
with one or more of the UEs. For some embodiments, con 
trolling generally includes suspending the other one of the 
uplink transmission or the downlink transmission for trans 
mission in a later subframe. For some embodiments, control 
ling generally includes prioritizing the uplink transmission or 
the downlink transmission over the other. 
The transmissions of CQI and SR may be configured by 

higher layers with periodicities being multiples or Submul 
tiples of 10 ms (e.g., 2 ms or 5 ms). These transmissions may 
condition the setting of subframes to “UL and may be chosen 
to avoid the paging subframes, which also roll-over with 10 
ms periodicity. Therefore, the transmission of CQI and SR 
may not interfere in any way with the reception of paging 
Subframes as they can be properly separated without sliding 
effects (discussed below). The UL subframes may be used for 
PUSCH transmissions, with the understanding that the cor 
responding UL grant (e.g., four subframes before) may occur 
in a “DL Subframe. 

FIG. 11 illustrates the impact of DL assignments and UL 
grants in a HD operation, according to certain aspects of the 
present disclosure. As illustrated, the timeline associated with 
UL assignments 1104 may be linked to fixed 4 ms intervals 
(e.g., from grant, to initial transmission, to reception of DL 
ACKs, and to re-transmissions). However, due to the time 
asynchronicity of PDSCH, the timeline associated with DL 
assignments 1102 may not be linked to fixed 4 ms intervals. 
For example, the DL retransmission that takes place at 1106 
may occur after 5 ms from the PUCCH ACK1108. 

For some embodiments, if the DL retransmissions are cho 
sen to follow the same timeline as the UL, a perfect split of 
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UL/DL resources may be attained, as illustrated in FIG. 12 
(e.g., for every four subframes, the UE may switch between 
UL and DL resources). 

Given that there are two timelines (e.g., HARQ operation 
for UL retransmissions over an 8 ms basis and paging Sub 
frames for DL reception over a 10 ms basis), the two timelines 
may slide over each other. For some embodiments, the eNB 
may suspend retransmissions that would fall into paging Sub 
frames by properly sending a NACK on the preceding 
PHICH. For some embodiments, the eNB may prioritize at 
least one of retransmitting PUSCH and receiving pages over 
the other. 

For certain aspects, PUSCH may be scheduled in sub 
frames where other UL PHY channels are transmitted. For 
example, PUSCH may be scheduled in a subframe where 
PUCCH or SRS are transmitted, since that subframe may be 
an UL subframe. HD operation inherently utilizes only half of 
the system resource per UE compared to FD operation. 
Therefore, an eNB may efficiently utilize frequency time 
resources by balancing different users. 
Due to reduced UL-DL interference reduction in HD UEs, 

DL receiver performance of a UE may be compromised when 
another UE is transmitting in close proximity. Due to load 
balancing, the eNB may offset the DL and UL subframes 
between different UEs, which can lead to coexistence prob 
lems. For certain aspects, the eNB may have algorithms that 
can discover Such issues and make appropriate scheduling 
changes. For example, the eNB may use different scheduling 
sets and may configure the UEs with different CSI reporting 
subsets. Then by comparing the CQI report difference in the 
different CSI reporting subsets from a given UE, the eNB may 
infer the proximity of another UE with an incompatible 
DL/UL allocation and may change the allocation of the target 
UE. 

Proper radio resource management (RRM) functionality 
may require the availability of a sufficient number of DL 
Subframes for measurements. It may or may not be needed to 
designate a subset of subframes that are available for DL 
measurements for RRM purposes. In lack of a designated 
subset, the eNB may make subframes available dynamically 
by scheduling. Due to the need for PDCCH/PHICH operation 
to support the UL, the UL subframe ratio relative to the total 
may not be greater than 50%. This already ensures that there 
may be a sufficient number of DL subframes available for 
measurements. However, it should also be assured that there 
is opportunity to measure subframes containing PSS/SSS of 
neighbor cells. This may be accomplished in time synchro 
nous networks. However, in asynchronous networks, the 
measurement opportunities may be created in a diversified 
way so that the UE can measure cells with arbitrary timing 
offsets relative to the current serving cell. 

In order to properly Support eNB Scheduling operations, 
the expected UE switch times may need to be accounted for. 
For example, when a DL subframe is followed immediately 
by an UL subframe, the DL subframe may be partially erased 
in the UE receiver, which the eNB may consider in the DL 
modulation and coding scheme (MCS) selection. To facilitate 
the proper MCS back-off, the information required by the 
eNB generally includes the UE switch time (e.g., should have 
standardized performance requirements), UL-DL timing 
advance, and the UE capability to null log-likelihood ratios 
(LLRs). 

For the UL-DL timing advance, although the eNB issues 
time advance commands, the eNB may not know the current 
time offset within the UE due to the differential nature of 
timing adjustment updates. Therefore, it may be useful to 
have a current timing advance information feedback from the 
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UE to the eNB. Alternatively, the eNB may periodically 
request the UE to perform a PRACH procedure to establish 
the current timing advance. The eNB may estimate the timing 
advance from the reported UE power headroom (e.g., larger 
headroom may be a smaller timing advance), although this 
method may not be reliable. For some embodiments, the eNB 
may make a worst case assumption based on knowing the 
eNB coverage radius. 

For the UE capability to null LLRs, the UE may have a 
capability to connect the receive power to transmit power 
offset and receive to transmit timing offset in order to deter 
mine the need of Scaling down or Zeroing the receive LLRS 
whenever it is known to the UE that the receive signal is not 
reliable due to HD interference. There may be standardized 
requirements to ensure the UE has such capability. Due to the 
sparse nature of inserted DL reference signals, it may not be 
possible to measure the HD interference on a per OFDM 
symbol basis based on reference signal observations. The UE 
may be able to infer the level of interference based on a priori 
knowledge of signal timing and signal power levels. 

Embodiments of the present disclosure provide techniques 
for enabling coexistence, in a given frequency band, of HD 
and FD terminals, by introducing new frequency bands des 
ignated for HD operation and overlapping existing frequency 
bands designated for FD operation. Unless the designation of 
the new HD frequency bands is universal (e.g., world-wide) 
there may be problems in roaming cases where a given fre 
quency band is designated as HD in Some country/region and 
as FD in some other country/region. Therefore, it may be 
beneficial to add the network capability to broadcast the HD 
support. As an example, a UE may receive a network indica 
tion in an FD band that indicates whether there is support for 
HD operations. As a result, if the UE supports only HD 
operations, the UE may be denied access and then perform 
network acquisition operations with another base station that 
does Support HD operations. 
The various operations of methods described above may be 

performed by any Suitable means capable of performing the 
corresponding functions. The means may include various 
hardware and/or Software/firmware component(s) and/or 
module(s), including, but not limited to a circuit, an applica 
tion specific integrated circuit (ASIC), or processor. Gener 
ally, where there are operations illustrated in Figures, those 
operations may be performed by any suitable corresponding 
counterpart means-plus-function components 

Those of skill in the art would understand that information 
and signals may be represented using any of a variety of 
different technologies and techniques. For example, data, 
instructions, commands, information, signals, bits, symbols, 
and chips that may be referenced throughout the above 
description may be represented by Voltages, currents, elec 
tromagnetic waves, magnetic fields or particles, optical fields 
or particles, or combinations thereof. 

Those of skill would further appreciate that the various 
illustrative logical blocks, modules, circuits, and algorithm 
steps described in connection with the disclosure herein may 
be implemented as electronic hardware, software/firmware, 
or combinations thereof. To clearly illustrate this inter 
changeability of hardware and software, various illustrative 
components, blocks, modules, circuits, and steps have been 
described above generally in terms of their functionality. 
Whether such functionality is implemented as hardware or 
Software/firmware depends upon the particular application 
and design constraints imposed on the overall system. Skilled 
artisans may implement the described functionality in vary 
ing ways for each particular application, but such implemen 
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tation decisions should not be interpreted as causing a depar 
ture from the scope of the present disclosure. 

The various illustrative logical blocks, modules, and cir 
cuits described in connection with the disclosure herein may 
be implemented or performed with a general-purpose proces 
Sor, a digital signal processor (DSP), an application specific 
integrated circuit (ASIC), a field programmable gate array 
(FPGA) or other programmable logic device, discrete gate or 
transistor logic, discrete hardware components, or any com 
bination thereof designed to perform the functions described 
herein. A general-purpose processor may be a microproces 
Sor, but in the alternative, the processor may be any conven 
tional processor, controller, microcontroller, or state 
machine. A processor may also be implemented as a combi 
nation of computing devices, e.g., a combination of a DSP 
and a microprocessor, a plurality of microprocessors, one or 
more microprocessors in conjunction with a DSP core, or any 
other such configuration. 
The steps of a method or algorithm described in connection 

with the disclosure herein may be embodied directly in hard 
ware, in a software/firmware module executed by a processor, 
or in a combination thereof. A software/firmware module 
may reside in RAM memory, flash memory, ROM memory, 
EPROM memory, EEPROM memory, registers, hard disk, a 
removable disk, a CD-ROM, or any other form of storage 
medium known in the art. An exemplary storage medium is 
coupled to the processor Such that the processor can read 
information from, and write information to, the storage 
medium. In the alternative, the storage medium may be inte 
gral to the processor. The processor and the storage medium 
may reside in an ASIC. The ASIC may reside in a user 
terminal. In the alternative, the processor and the storage 
medium may reside as discrete components inauser terminal. 

In one or more exemplary designs, the functions described 
may be implemented in hardware, software/firmware, or 
combinations thereof. If implemented in software, the func 
tions may be stored on or transmitted over as one or more 
instructions or code on a computer-readable medium. Com 
puter-readable media includes both computer storage media 
and communication media including any medium that facili 
tates transfer of a computer program from one place to 
another. A storage media may be any available media that can 
be accessed by a general purpose or special purpose com 
puter. By way of example, and not limitation, Such computer 
readable media can comprise RAM, ROM, EEPROM, CD 
ROM or other optical disk storage, magnetic disk storage or 
other magnetic storage devices, or any other medium that can 
be used to carry or store desired program code means in the 
form of instructions or data structures and that can be 
accessed by a general-purpose or special-purpose computer, 
or a general-purpose or special-purpose processor. Also, any 
connection is properly termed a computer-readable medium. 
For example, if the software is transmitted from a website, 
server, or other remote source using a coaxial cable, fiber 
optic cable, twisted pair, digital subscriber line (DSL), or 
wireless technologies Such as infrared, radio, and microwave, 
then the coaxial cable, fiber optic cable, twisted pair, DSL, or 
wireless technologies Such as infrared, radio, and microwave 
are included in the definition of medium. Disk and disc, as 
used herein, includes compact disc (CD), laser disc, optical 
disc, digital versatile disc (DVD), floppy disk and Blu-ray 
disc where disks usually reproduce data magnetically, while 
discs reproduce data optically with lasers. Combinations of 
the above should also be included within the scope of com 
puter-readable media. 
The previous description of the disclosure is provided to 

enable any person skilled in the art to make or use the disclo 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
sure. Various modifications to the disclosure will be readily 
apparent to those skilled in the art, and the generic principles 
defined herein may be applied to other variations without 
departing from the spirit or scope of the disclosure. Thus, the 
disclosure is not intended to be limited to the examples and 
designs described herein but is to be accorded the widest 
Scope consistent with the principles and novel features dis 
closed herein. 

What is claimed is: 
1. A method for enabling coexistence of half-duplex (HD) 

operations and full-duplex (FD) operations in a same carrier, 
comprising: 

assigning a first frequency band for HD operations; and 
assigning a second frequency band for FD operations, 

wherein the first frequency band for HD operations over 
laps the second frequency band for FD operations. 

2. The method of claim 1, wherein the first frequency band 
for HD operations has a first band number and the second 
frequency band for FD operations has a second band number. 

3. The method of claim 2, wherein the first and secondband 
numbers are transmitted in an overhead message. 

4. The method of claim 2, wherein the first and secondband 
numbers allow for simultaneous operation of FD user equip 
ments (UEs) and HD UEs. 

5. The method of claim 2, wherein the first frequency band 
for HD operations completely overlaps the second frequency 
band for FD operations. 

6. The method of claim 5, wherein assigning the first and 
second frequency bands comprises assigning a frequency 
band with the first band number and the second band number. 

7. The method of claim 1, wherein the first frequency band 
for HD operations has a narrower bandwidth than the second 
frequency band for FD operations. 

8. The method of claim 1, further comprising: 
broadcasting a network indication in the first frequency 

band, wherein the broadcast indicates a capability for 
Supporting HD operations. 

9. The method of claim 1, further comprising: 
receiving, from a user equipment (UE), an indication of 

whether the UE supports HD operations or FD opera 
tions; and 

scheduling the UE in the first or second band based on 
whether the UE supports HD operations or FD opera 
tions. 

10. The method of claim 1, further comprising: 
broadcasting a network indication in the second frequency 

band for FD operations, wherein the broadcast indicates 
whether there is support for HD operations. 

11. The method of claim 10, wherein if the broadcast 
indicates there is no support for HD operations, further com 
prising: 

denying access to a user equipment (UE) that only supports 
HD operations. 

12. An apparatus for enabling coexistence of half-duplex 
(HD) operations and full-duplex (FD) operations in a same 
carrier, comprising: 
means for assigning a first frequency band for HD opera 

tions; and 
means for assigning a second frequency band for FD opera 

tions, wherein the first frequency band for HD opera 
tions overlaps the second frequency band for FD opera 
tions. 

13. The apparatus of claim 12, wherein the first frequency 
band for HD operations has a first band number and the 
second frequency band for FD operations has a second band 
number. 
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14. The apparatus of claim 13, wherein the first and second 
band numbers are transmitted in an overhead message. 

15. The apparatus of claim 13, wherein the first and second 
band numbers allow for simultaneous operation of FD user 
equipments (UEs) and HD UEs. 

16. The apparatus of claim 13, wherein the first frequency 
band for HD operations completely overlaps the second fre 
quency band for FD operations. 

17. The apparatus of claim 16, wherein the means for 
assigning the first and second frequency bands comprises 
means for assigning a frequency band with the first band 
number and the second band number. 

18. The apparatus of claim 12, wherein the first frequency 
band for HD operations has a narrower bandwidth than the 
second frequency band for FD operations. 

19. The apparatus of claim 12, further comprising: 
means for broadcasting a network indication in the first 

frequency band, wherein the broadcast indicates a capa 
bility for supporting HD operations. 

20. The apparatus of claim 12, further comprising: 
means for receiving, from a user equipment (UE), an indi 

cation of whether the UE supports HD operations or FD 
operations; and 

means for scheduling the UE in the first or second band 
based on whether the UE Supports HD operations or FD 
operations. 

21. The apparatus of claim 12, further comprising: 
means for broadcasting a network indication in the second 

frequency band for FD operations, wherein the broad 
cast indicates whether there is support for HD opera 
tions. 

22. The apparatus of claim 21, wherein if the broadcast 
indicates there is no support for HD operations, further com 
prising: 

means for denying access to a user equipment (UE) that 
only Supports HD operations. 

23. An apparatus for enabling coexistence of half-duplex 
(HD) operations and full-duplex (FD) operations in a same 
carrier, comprising: 

at least one processor configured to: 
assign a first frequency band for HD operations; and 
assign a second frequency band for FD operations, 

wherein the first frequency band for HD operations 
overlaps the second frequency band for FD opera 
tions; and 

a memory coupled to the at least one processor. 
24. The apparatus of claim 23, wherein the first frequency 

band for HD operations has a first band number and the 
second frequency band for FD operations has a second band 
number. 

25. The apparatus of claim 24, wherein the first and second 
band numbers are transmitted in an overhead message. 

26. The apparatus of claim 24, wherein the first and second 
band numbers allow for simultaneous operation of FD user 
equipments (UEs) and HD UEs. 

27. The apparatus of claim 24, wherein the first frequency 
band for HD operations completely overlaps the second fre 
quency band for FD operations. 

28. The apparatus of claim 27, wherein the at least one 
processor configured to assign the first and second frequency 
bands comprises assigning a frequency band with the first 
band number and the second band number. 

29. The apparatus of claim 23, wherein the first frequency 
band for HD operations has a narrower bandwidth than the 
second frequency band for FD operations. 
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30. The apparatus of claim 23, wherein the at least one 

processor is configured to: 
broadcast a network indication in the first frequency band, 

wherein the broadcast indicates a capability for Support 
ing HD operations. 

31. The apparatus of claim 23, wherein the at least one 
processor is configured to: 

receive, from a user equipment (UE), an indication of 
whether the UE supports HD operations or FD opera 
tions; and 

schedule the UE in the first or second band based on 
whether the UE supports HD operations or FD opera 
tions. 

32. The apparatus of claim 23, wherein the at least one 
processor is configured to: 

broadcast a network indication in the second frequency 
band for FD operations, wherein the broadcast indicates 
whether there is support for HD operations. 

33. The apparatus of claim 32, wherein if the broadcast 
indicates there is no support for HD operations, the at least 
one processor is configured to: 

deny access to a user equipment (UE) that only supports 
HD operations. 

34. A computer-program product for enabling coexistence 
of half-duplex (HD) operations and full-duplex (FD) opera 
tions in a same carrier, comprising: 

a non-transitory computer-readable medium having code 
for: 
assigning a first frequency band for HD operations; and 
assigning a second frequency band for FD operations, 

wherein the first frequency band for HD operations 
overlaps the second frequency band for FD opera 
tions. 

35. The computer-program product of claim 34, wherein 
the first frequency band for HD operations has a first band 
number and the second frequency band for FD operations has 
a second band number. 

36. The computer-program product of claim 35, wherein 
the first and second band numbers are transmitted in an over 
head message. 

37. The computer-program product of claim 35, wherein 
the first and second band numbers allow for simultaneous 
operation of FD user equipments (UEs) and HD UEs. 

38. The computer-program product of claim 35, wherein 
the first frequency band for HD operations completely over 
laps the second frequency band for FD operations. 

39. The computer-program product of claim 38, wherein 
the code for assigning the first and second frequency bands 
comprises code for assigning a frequency band with the first 
band number and the second band number. 

40. The computer-program product of claim 34, wherein 
the first frequency band for HD operations has a narrower 
bandwidth than the second frequency band for FD operations. 

41. The computer-program product of claim 34, further 
comprising code for: 

broadcasting a network indication in the first frequency 
band, wherein the broadcast indicates a capability for 
Supporting HD operations. 

42. The computer-program product of claim 34, further 
comprising code for: 

receiving, from a user equipment (UE), an indication of 
whether the UE supports HD operations or FD opera 
tions; and 

scheduling the UE in the first or second band based on 
whether the UE supports HD operations or FD opera 
tions. 
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43. The computer-program product of claim 34, further 
comprising code for: 

broadcasting a network indication in the second frequency 
band for FD operations, wherein the broadcast indicates 
whether there is support for HD operations. 5 

44. The computer-program product of claim 43, wherein if 
the broadcast indicates there is no support for HD operations, 
further comprising code for: 

denying access to a user equipment (UE) that only Supports 
HD operations. 10 
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